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Abstract 

The model of rolipram (a type IV phosphodiesterase inhibitor) induced prolongation (> 3 days) of the mechanical 
hyperalgesia produced by the intradermal injection of prostaglandin E 2 in the hairy skin of the hindpaw of the rat, measured by 
the Randall-Selitto paw-withdrawal test, was employed to study mechanisms involved in the contribution of the sympathetic 
postganglionic neuron to mechanical hyperalgesia. Lumbar surgical sympathectomy prevented rolipram-induced prolongation of 
prostaglandin E 2 hyperalgesia. Decentralization of sympathetic postganglionic neurons innervating the hindpaw did not, 
however, effect rolipram-induced prolongation of prostaglandin E 2 hyperalgesia. Phentolamine, an a-adrenoceptor antagonist, 
and prazosin, an al-selective adrenoceptor antagonist, when given systemically or intradermally at the site of injection of 
prostaglandin E 2 and rolipram, blocked rolipram-induced prolongation of prostaglandin E 2 hyperalgesia. Intrathecal administra- 
tion of phentolamine and prazosin were, however, without effect on rolipram-induced prolongation of prostaglandin E 2 
hyperalgesia. Yohimbine, an ct2-adrenoceptor antagonist given systemically, intradermally or intrathecally also did not produce 
any alteration in rolipram-induced prolongation of prostaglandin E 2 hyperalgesia. We propose that sympathetic postganglionic 
neurons are involved in rolipram-induced prolongation of prostaglandin E 2 hyperalgesia and that this form of sympathetically 
dependent hyperaigesia, which is independent of activity in preganglionic sympathetic neurons, is mediated by a peripheral 
al-adrenergic mechanism. 
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1. Introduction 

While the sympathetic postganglionic neuron has 
been shown to contribute to sensory abnormalities in a 
variety of pain states in humans (Arner, 1991; Raja et 
al., 1991; Treede  et al., 1992; Wahren et al., 1991) and 
in animal models (Kim and Chung, 1991; Neil et al., 
1991; Shir and Seltzer, 1991; Xie and Xiao, 1990) the 
mechanism of the sensory-sympathetic interaction is 
still poorly understood. We have recently described a 
novel model of sympathetically dependent  mechanical 
hyperalgesia (Aley et al., 1994) which involves prolon- 
gation of the mechanical hyperalgesia induced by 
prostaglandin E2, an inflammatory mediator that acts 
directly to sensitize primary afferent nociceptors (Bac- 
caglini and Hogan, 1983; Pitchford and Levine, 1991), 
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by rolipram a type IV phosphodiesterase inhibitor. 
Prostaglandin E 2 plus rolipram, in the dorsum of the 
rat's hind paw produced a long-lasting mechanical hy- 
peralgesia (>  3 days) and sympathectomy, done prior 
to injection of prostaglandin E 2 plus rolipram, pre- 
vented the prolongation of prostaglandin E2-induced 
hyperalgesia by rolipram (Aley et al., 1994). In this 
study we further evaluated the role of sympathetic 
postganglionic neurons in the prolonged hyperalgesia 
induced by prostaglandin E 2 plus rolipram, including 
dependence on preganglionic sympathetic outflow and 
on a-adrenergic mechanisms at the site of injection of 
prostaglandin E 2 plus rolipram. 

2. Materials and methods 

Male Sprague-Dawley rats (250-300 g; Bantin and 
Kingman, Fremont,  CA) housed in groups of two to 
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three, under a 12 h light/dark cycle, were used in the 
experiments. Food and water were available ad libi- 
tum. Experiments were carried out under the approval 
of the Institutional Animal Care Commitee of the 
University of California, San Francisco. The rats were 
anesthetized with sodium pentobarbital (65 mg/kg, 
i.p.; Anpro Pharmaceutical, Arcadia, CA) prior to 
surgeries. 

2.1. Behavioral testing 

The nociceptive flexion reflex was quantified with a 
Basile Analgesymeter (Stoelting, Chicago, IL), which 
applies a linearly increasing mechanical force to the 
dorsum of the rat's hindpaw. The nociceptive threshold 
is defined as the force, in grams at which the rat 
withdraws its paw. Rats were trained during the week 
prior to the experiments, a procedure which produces 
a stable baseline threshold measurement and enhances 
the ability to detect the action of hyperalgesic agents 
(Taiwo et al., 1989). On the first day of the experiment 
rats were exposed to the same training procedure and 
the mean of the last six readings was defined as the 
baseline threshold. The mean baseline threshold in this 
group of rats were 110.29_+ 0.72 g (mean ± S.E.M; 
n = 136). Rats were exposed to the training procedure 
only prior to the drug treatment. Mechanical threshold 
(primary hyperalgesia) was determined at different time 
points after treatments. Three withdrawal thresholds at 
the site of the drug treatment were measured at 5 min 
intervals at each of the time points and the mean of 
these three values is defined as the paw withdrawal 
threshold at that time. The percentage change was 
calculated from the baseline threshold. Control rats 
were treated with an equivalent volume of saline. 

2.2. Injection of  prostaglandin E 2 plus rolipram 

Prostaglandin E 2 (100 ng/2.5 /xl, Sigma, St. Louis 
MO) was injected intradermally into the dorsum of the 
rats hindpaw and rolipram (1/zg/2.5/xl,  Berlex Labo- 
ratory, Wayne, NJ) was injected at the same site 30 min 
after prostaglandin E 2. Paw-withdrawal thresholds were 
determined at 60, 120, 180 and 240 min and over a 
period of 2 weeks following injection of prostaglandin 
E 2 . 

2.3. Surgical sympathectomy 

To determine the contribution of sympathetic post- 
ganglionic neurons to rolipram-induced prolongation 
of prostaglandin E 2 hyperalgesia, bilateral surgical 
sympathectomy at the L I - L  4 paravertebral ganglion 
level was performed. The sympathetic chain was ex- 
posed by an extraperitoneal approach from the left 
side. The L1-L 4 level of the sympathetic chain, 

nomenclature used as described by Baron and col- 
leagues (Baron et al., 1988) was visualized. The L1-L 4 
paravertebral ganglia and sympathetic trunk on the left 
side and L I - L  4 paravertebral ganglia and sympathetic 
trunk on the right side were then resected causing 
sympathetic denervation of the hindpaw (Baron et al., 
1988). Experimental group 2 was sympathectomized 5 
days prior to injection of prostaglandin E z plus 
rolipram. 

2.4. Decentralization of  the sympathetic postganglionic 
neurons 

Involvement of preganglionic sympathetic neuron 
activity in rolipram-induced prolongation of prosta- 
glandin E 2 hyperalgesia was examined by decentraliz- 
ing the sympathetic postganglionic neuron. The lumbar 
sympathetic chain was visualized and the sympathetic 
trunk above the left L 1 ganglia as well as the white 
rami of the left LI, L 2 and L 3 (when present) paraver- 
tebral ganglia were cut, decentralizing postganglionic 
neurons projecting to the hind paw (Baron et al., 1988). 
Experimental group 3 was decentralized surgically 5 
days prior to injection of prostaglandin E 2 plus 
rolipram. 

2.5. a-Adrenoceptor antagonists 

To determine if an a-adrenoceptor was involved in 
rolipram-induced prolongation of prostaglandin E 2 hy- 
peralgesia and to determine the site of such involve- 
ment in the mechanical hyperalgesia, intraperitoneal 
(i.p.), intradermal (i.d.) or intrathecal (i.t.) injections of 
adrenoceptor antagonists were given prior to injection 
of prostaglandin E z plus rolipram. 

Phentolamine (Ciba-Geigy, Summit, NJ), an a- 
adrenoceptor antagonist was given 10 min prior to 
prostaglandin E 2, either i.p. (1 mg/kg) in experimental 
group 4a, or i.d. 1 izg/paw (2.5 /~1) in experimental 
group 4b, or i.t. 10 /.Lg/rat (10 /zl) in experimental 
group 4c, and i.t. 25/zg/ ra t  (10 gml) in experimental 
group 4d. 

Prazosin (Sigma, St. Louis, MO), a relatively specific 
al-adrenoceptor antagonist was given 10 min prior to 
prostaglandin E z either i.p. 2 mg/kg in experimental 
group 4e, or i.d. 1 /xg/paw (2.5 txl) in experimental 
group 4f, or i.t. 10 /zg/rat (10 tzl) in experimental 
group 4g, and i.t. 25 izg/rat (10 /~1) in experimental 
group 4h. 

Yohimbine (Sigma, St. Louis, MO), a relatively spe- 
cific a2-adrenoceptor antagonist was given 10 min prior 
to prostaglandin E z either i.p. 2 mg/kg in experimen- 
tal group 4i, or i.d. 1 /zg/paw (2.5 Ixl) in experimental 
group 4j, or i.t. 10 /~g/rat (10 tzl) in experimental 
group 4k, and i.t., 25 /xg/rat (10 /zl) in experimental 
group 41. 
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2.6. Intrathecal catheter implantation 

Two days prior to experiments, under pentobarbital 
anesthesia (65 mg/kg, i.p.), intrathecal (i.t.) catheters 
were inserted through the atlanto-occipital membrane 
and passed caudally 8.5 cm to a site just rostral to the 
lumbosacral enlargement (Yaksh and Rudy, 1976). The 
i.t. catheter was then anchored to the skull with bone 
screws and acrylic dental cement. Rats that exhibited 
neurological deficits, at any time following the surgical 
procedure, were eliminated from the study. 

2. 7. Drug administration 

Prostaglandin E 2 (1 mg/2.5 ml, stock solution) and 
rolipram (10 rag/2.5 ml, stock solution) were dissolved 
in 10% ethanol and further dilutions were made with 
saline. Phentolamine and yohimbine were dissolved in 
saline, and prazosin was dissolved in distilled water. 
The selection of drug doses were based on some previ- 
ous studies (Aley et al., 1994; Danzebrink and Geb- 
hart, 1990; Howe et al., 1983; Kinnman and Levine, 
1994) All the time points mentioned are in relation to 
the administration of prostaglandin E 2. The concentra- 
tion of ethanol injected was < 1%. Intraperitoneal and 
intrathecal injections of a-adrenoceptor antagonists 
were done 10 and 5 min prior to prostaglandin E2, 
respectively. In the case of intradermal injection, the 
drugs were administered from the same syringe in such 
a way that the antagonist reached the intradermal site 
first. 

2.8. Statistical analysis 

Two way repeated measures analysis of variance 
(ANOVA) followed by Scheffe's post hoc test, or 
Mann-Whitney U test, or unpaired t test, as appropri- 
ate were used to analyze results and a P-value < 0.05 
was considered statistically significant. The time course 
of the hyperalgesia induced by prostaglandin E 2 and 
that induced by prostaglandin E 2 plus rolipram are 
redrawn, in some figures, to aid comparisons. The 
results are presented as means + S.E.M of four or 
more observations, and wherever error bars are not 
visible, they are contained within the symbol. 

3. Results 
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Fig. 1. (A) The effect of  prostaglandin E 2 (100 ng) on mechanical  
nociceptive threshold 60, 120, 180, and 240 min after intradermal 
(i.d.) injection of prostaglandin Ee alone (m,  n = 12) or when 
rolipram (a type IV phophodiesterase  inhibitor, 1 /zg) was injected 
30 min after prostaglandin E 2 (o ,  n =  12). (B) The effect of 
prostaglandin (E 2 (100 ng) plus rolipram (1 ~g)  on mechanical 
nociceptive thresholds on days 1 (1 hr after injection), 2, 3, 4, 5, 8, 
and 15 (11 n = 6 )  after the injection or the effect of saline on 
mechanical  nociceptive thresholds on days 1 (1 h after injection), 2, 
3, 4, 5, 8, and 15 (©, n = 6) after the injection. 

/zl), injected 30 min after prostaglandin E 2 prolonged 
the hyperalgesia induced by prostaglandin E 2. The 
prolongation of the prostaglandin E2-induced hyperal- 
gesia by rolipram remained below that of the vehicle 
control group for > 3 days (Fig. 1A, B). Two factor 
repeated measures of ANOVA showed a significant 
difference in the paw-withdrawal thresholds in re- 
sponse to rolipram (P < 0.05). Subsequent analysis with 
Mann-Whitney U-test, unpaired t-test, and Scheffe's 
post-hoc test revealed that rolipram-induced prolonga- 
tion of prostaglandin E 2 hyperalgesia was statistically 
significant (P < 0.05). Rolipram alone had no signifi- 
cant effect on mechanical paw withdrawal threshold 
(data not shown). 

3.2. Effect of surgical sympathectomy 

Surgical lumbar sympathectomy (L1-L 4) done prior 
to injection of prostaglandin E 2 plus rolipram attenu- 
ated rolipram-induced prolongation of prostaglandin 
E 2 hyperalgesia. ANOVA followed by Scheffe's post- 
hoc test revealed that rolipram-induced prolongation 
of prostaglandin E 2 hyperalgesia was significantly at- 
tenuated by prior sympathectomy (Fig. 2B, P < 0.05). 

3.1. Effect of  prostaglandin E 2 plus rolipram 3.3. Role of  preganglionic sympathetic outflow 

Prostaglandin E 2 (1 /.Lg/2.5 /~1) injected intrader- 
really induced a decrease in mechanical nociceptive 
threshold (i.e., hyperalgesia). The paw-withdrawal 
thresholds remained decreased for about 120 min and 
returned to baseline by 240 min. Rolipram (1 p~g/2.5 

Decentralization of the lumbar sympathetic chain 
done prior to injection of prostaglandin E 2 plus 
rolipram, did not significantly affect the rolipram-in- 
duced prolongation of prostaglandin E 2 hyperalgesia 
(ANOVA, followed by Scheffe's post-hoc test, Fig. 3B, 
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Fig. 2. (A) The effect of prostaglandin E 2 (100 ng) on mechanical 
nociceptive threshold 30, 60, 120, 180, and 240 min after i.d. injection 
of prostaglandin E 2 alone (11), or when rolipram (1 / zg )  was injected 
30 min after prostaglandin E 2 ( o ,  n = 12), in normal rats. (B) The 
effect of prostaglandin E 2 (100 ng) on mechanical nociceptive thresh- 
old at 30, 60, 120, 180, and 240 min after i.d. injection of prostaglandin 
E 2 alone (11), or when rolipram (1 /xg) was injected 30 min after 
prostaglandin E e ( o ,  n = 6), P < 0.05) in sympathectomized rats. 

P > 0.05,). Rolipram-induced prolongation of prosta- 
glandin E2-induced hyperalgesia in decentralized 
(lumbar sympathetic chain) rats was similar to that in 
normal rats (Fig. 3B). 

3.4. Role of adrenoceptors 

3.4.1. Phentolamine 
Systemic (i.p.) and intradermal injections of phentol- 

amine, when given prior to prostaglandin E 2 plus 
rolipram significantly attenuated rolipram-induced pro- 
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Fig. 4. (A) The effect of prostaglandin E 2 (100 ng) on mechanical 
nociceptive threshold 60, 90, 120, 180, and 240 min after i.d. injection 
of prostaglandin E e alone (11), or when rolipram (1 /xg)  was injected 
30 min after prostaglandin E 2 (o ,  n = 12), or when rats were pre- 
treated with phentolamine i.p. (a-adrenoceptor antagonist, 1 mg /kg ,  
A, n = 6, P < 0.05) or when rats were pretreated with phentolamine 
1 / zg /paw,  i.d. ( 0 ,  n = 6, P < 0.05), or when rats were pretreated 
with phentolamine 10 / ~g / ra t  i.t. (1:3, n = 4, P > 0.05), and when rats 
were pretreated with phentolamine 25 /~g/rat  i.t. ( A ,  n = 4, P > 
0.05). (B) The effect of prostaglandin E z (100 ng) on mechanical 
nociceptive threshold 60, 90, 120, 180, and 240 min after i.d. injection 
of prostaglandin E 2 alone ( l l ) ,  or when rolipram (1/~g)  was injected 
30 min after prostaglandin E 2 (o ,  n = 12), or when rats were pre- 
treated with prazosin i.p. (cq-adrenoceptor antagonist, 2 mg /kg ,  A, 
n = 6, P < 0.05) or when rats were pretreated with prazosin 1 
/ zg /paw,  i.d. ( 0 ,  n = 6, P < 0.05), or when rats were pretreated with 
prazosin 10 / zg /rat  i.t. (El, n =  4, P > 0.05), and when rats were 
pretreated with prazosin 2 5 / ~ g / r a t  i.t. (zx, n = 4, P > 0.05). (C) The 
effect of prostaglandin E e (100 ng) on mechanical nociceptive thresh- 
old 60, 90, 120, 180, and 240 min after i.d. injection of prostaglandin 
E 2 alone ( l l ) ,  or when rolipram (1 /xg) was injected 30 min after 
prostaglandin E 2 (©, n = 12), or when rats were pretreated with 
yohimbine i.p. (a2-adrenoceptor antagonist, 2 mg / kg ,  A, n = 6, 
P > 0.05) or when rats were pretreated with yohimbine 1 /xg/paw,  
i.d. ( 0 ,  n = 6, P > 0.05), or when rats were pretreated with yohim- 
bine 10 ~ g / r a t  i.t. (El, n = 6 ,  P >  0.05), and when rats were pre- 
treated with yohimbine 2 5 / z g / r a t  i.t. ( A, n = 6, P > 0.05). 
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Fig. 3. (A) The effect of prostaglandin E 2 (100 ng) on mechanical 
nociceptive threshold 30, 60, 120, 180, and 240 min after i.d. injection 
of prostaglandin E 2 alone ( l l ) ,  or when rolipram (1 /zg)  was injected 
30 rain after prostaglandin E 2 (o ,  n = 12), in normal rats. (B) The 
effect of prostaglandin E 2 (100 ng) on mechanical nociceptive thresh- 
old at 30, 60, 120, 180, and 240 min after i.d. injection of prostaglandin 
E 2 alone ( l l ) ,  or when rolipram (1 /zg) was injected 30 min after 
prostaglandin E 2 ( o ,  n = 6, P > 0.05) in rats in which SPGNs were 
decentralized. 

longation of prostaglandin E 2 hyperalgesia as analyzed 
by ANOVA, and Scheffe's post-hoc test (Fig. 4A, P < 
0.05). Intrathecal injections of phentolamine (10 /~g 
and 25 /zg/rat) did not alter the rolipram-induced 
prolongation of prostaglandin E 2 hyperalgesia. 
(ANOVA followed by Scheffe's post-hoc test Fig. 4A, 
P > 0.05). Phentolamine (doses employed in this study) 
alone had no significant effect on paw withdrawal 
threshold (data not shown). 

3.4.2. Prazosin 
Systemic and intradermal injections of prazosin, 

when given prior to prostaglandin E 2 plus rolipram 
significantly attenuated rolipram-induced prolongation 
of prostaglandin E 2 hyperalgesia (ANOVA, followed 
by Scheffe's post-hoc test, Fig. 4B, P < 0.05). Intrathe- 
cal injection of prazosin (10 /xg and 25 /zg/rat) was 
without significant effect on rolipram-induced prolon- 
gation of prostaglandin E z hyperalgesia (A_NOVA, and 
Scheffe's post-hoc test, Fig. 4B, P >  0.05). Prazosin 
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(doses employed in this study) alone had no significant 
effect on paw-withdrawal threshold (data not shown). 

3.4.3. Yohimbine 
Whether given systemically (i.p.), intradermally or 

intrathecally (10/xg and 25/xg/rat) was without signif- 
icant effect on rolipram-induced prolongation of 
prostaglandin E 2 hyperalgesia (ANOVA, followed by 
Scheffe's post-hoc test, Fig. 4C, all P > 0.05,). Yohim- 
bine (doses employed in this study) alone had no 
significant effect on paw-withdrawal threshold (data 
not shown). 

4. Discussion 

A contribution of sympathetic postganglionic neu- 
rons to sensitization of small-diameter afferents (Xie 
and Xiao, 1990) and to mechanical hyperalgesia (Aley 
et al., 1994; Kim and Chung, 1991; Kinnman and 
Levine, 1994; Levine et al., 1986; Neil et al., 1991; Shir 
and Seltzer, 1991) has been suggested by a number of 
previous studies with neuropathic pain models. The 
present study confirms that the sympathetic postgan- 
glionic neuron also contributes to a prolonged mechan- 
ical hyperalgesia induced by prostaglandin E 2 plus 
rolipram (Aley et al., 1994). The effects of a-adreno- 
ceptor antagonists indicate that al-adrenoceptors are 
involved in this sympathetically maintained mechanical 
hyperalgesia, since phentolamine and prazosin both 
blocked rolipram-induced prolongation of prostaglan- 
din E2-hyperalgesia when given intraperitoneally 10 
min prior to prostaglandin E 2 plus rolipram. This 
result is consistent with the recently observed block of 
capsaicin-induced sympathetically-dependent second- 
ary hyperalgesia by prazosin in rats (Kinnman and 
Levine, 1994), and with studies of patients with neuro- 
pathic pain (Davis et al., 1991), in whom topical appli- 
cation of an aa-adrenoceptor agonist (clonidine) re- 
lieved sympathetically maintained pain, while injection 
of an a~-adrenoceptor specific agonist (phenylephrine) 
at the site of topically-applied clonidine evoked intense 
pain. The intradermal injection of the a-adrenoceptor 
antagonists (phentolamine and prazosin), injected at 
the site at which prostaglandin E 2 plus rolipram were 
subsequently injected, blocked the rolipram-induced 
prolongation of prostaglandin E 2 hyperalgesia, while 
intrathecal administration of these agents did not. 
Though the intrathecal administration of phentolamine 
did not block the rolipram-induced prolongation of 
prostaglandin E 2 hyperalgesia, it did not block the 
enhancement of its amplitude (Fig. 4A), which may be 
due to the effect of phentolamine on the central ner- 
vous system. Yohimbine, an a2-adrenoceptor antago- 
nist failed to inhibit rolipram-induced prolongation of 
prostaglandin E 2 hyperalgesia. Thus, the sympathetic 
postganglionic neuron is proposed to interact with sen- 

sory afferents via an a l-adrenoceptor mechanism in 
the skin to cause primary afferent sensitization and 
mechanical hyperalgesia. The effects of phentolamine 
and prazosin were temporary as the paw-withdrawal 
thresholds of these groups of rats (phentolamine/pros- 
taglandin E2/rolipram- or prazosin/prostaglandin 
Ee/rolipram-treated) were found to be lower than 
their baseline thresholds on the day following injection 
of phentolamine (unpublished observations), suggest- 
ing that prostaglandin E 2 plus rolipram induces sus- 
tained changes in the way the sympathetic postgan- 
glionic neuron interacts with sensory afferents. 

While the sympathetically maintained hyperalgesia 
observed in the present study was dependent on an 
al-adrenoceptor mechanism, we (Gold et al., 1994; 
Levine et al., 1986) and others (Sato and Perl, 1991) 
have implicated an a2-adrenoceptor involvement in 
other animal models of sympathetically maintained 
pain. One difference between the model used in the 
present study and those used in previous studies involv- 
ing a2-adrenoceptor mechanisms is that previous mod- 
els involved either overt nerve injury (Sato and Perl, 
1991), or use of a pharmacological agent to mimic 
nerve injury (i.e., chloroform or the calcium ionophore, 
A23187 (Gold et al., 1994; Levine et al., 1986; Taiwo et 
al., 1990)). In the above mentioned experiments, nor- 
epinephrine-induced hyperalgesia in the chloroform 
treated rats is prevented by indomethacin and attenu- 
ated by sympathectomy, and hence we have suggested 
that an interaction of the catecholamines with the 
receptors on sympathetic postganglionic neuron termi- 
nals release prostaglandins, which in turn mediate the 
hyperalgesic effect (Levine et al., 1986) and the a 2- 
adrenoceptor contributing to sympathetically main- 
tained pain is located presynaptically on the sympa- 
thetic postganglionic neuron terminal in the skin (Gold 
et al., 1994; Levine et al., 1986). Since prostaglandin E 2 
is known to act directly on primary afferent nociceptors 
to sensitize them (Baccaglini and Hogan, 1983; Pitch- 
ford and Levine, 1991) and rolipram, alone, had no 
effect on mechanical nociceptive threshold in the skin, 
and since al-adrenoceptors are more often post- rather 
than pre-synaptic (Langer, 1974; Weiner, 1985), we 
suggest that in the present model of sympathetically 
dependent pain the al-adrenoceptor is located on the 
primary afferent nociceptor. Decentralization of the 
lumbar sympathetic chain did not alter rolipram-in- 
duced prolongation of prostaglandin E 2 hyperaigesia. 
Thus, the contribution of the sympathetic postgan- 
glionic neuron to the sympathetically dependent hyper- 
algesia is independent of activity in preganglionic sym- 
pathetic neurons. By what mechanism rolipram induces 
an interaction between the sympathetic postganlionic 
neuron and primary afferent terminals in the skin 
mediating this sympathetically dependent hyperalgesia 
remain to be explored. 
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In  c o n c l u s i o n ,  w e  p r o v i d e  e v i d e n c e  to  sugges t  t ha t  

s y m p a t h e t i c  p o s t g a n g l i o n i c  n e u r o n s  a n d  a - a d r e n o c e p -  

tors  a r e  i nvo lved  in r o l i p r a m - i n d u c e d  p r o l o n g a t i o n  o f  

p r o s t a g l a n d i n  E 2 hype ra lges i a .  F u r t h e r m o r e ,  we  p ro -  

p o s e  tha t  t h e  s y m p a t h e t i c  p o s t g a n g l i o n i c  n e u r o n  in te r -  

a c t i on  wi th  s enso ry  a f f e r en t s ,  w h i c h  is via  an  a t- 

a d r e n o c e p t o r  m e c h a n i s m  in t h e  skin,  to  c a u s e  p r o -  

l o n g e d  m e c h a n i c a l  h y p e r a l g e s i a ,  is i n d e p e n d e n t  o f  ac- 

t ivi ty in p r e g a n g l i o n i c  s y m p a t h e t i c  n e u r o n s .  

Acknowledgement 

T h i s  w o r k  was  s u p p o r t e d  by N I H  G r a n t  NS-21445 .  

References 

Aley, K.O., S.G. Khasar and J.D. Levine, 1994, Multiple second 
messenger systems act sequentially to mediate rolipram-induced 
prolongation of prostaglandin E2-induced mechanical hyperalge- 
sia in the rat, Neuroscience (in press). 

Arner, S., 1991, Intravenous phentolamine test: diagnostic and prog- 
nostic use in reflex sympathetic dystrophy, Pain 46, 17. 

Baccaglini, P.I. and P.G. Hogan, 1983, Some rat sensory neurons in 
culture express characteristics of differentiated pain sensory cells, 
Proc. Natl. Acad. Sci. USA 80, 594. 

Baron, R., W. J~inig and W. Kollmann, 1988, Sympathetic and 
afferent somata projecting in hindlimb nerves and the anatomical 
organization of the lumbar sympathetic nervous system of the rat, 
J. Comp. Neurol. 275, 460. 

Danzebrink, R.M. and G.F. Gebhart, 1990, Antinociceptive effects 
of intrathecal adrenoceptor agonists in a rat model of visceral 
nociception, J. Phararmacol. Exp. Ther. 253, 698. 

Davis, K.D., R.D. Treede, S.N. Raja, R.A. Meyer and J.N. Camp- 
bell, 1991, Topical application of clonidine relieves hyperalgesia 
in patients with sympathetically maintained pain, Pain 47, 309. 

Gold, M., D.M. White, M. Guo and J.D. Levine, 1994, Alpha2- 
adrenergic sensitization of cutaneous pain receptors is mediated 
by sympathetic neuron-stimulated prostaglandin production, 
Neurosci. Lett. 175, 166. 

Howe, J.R., J.Y. Wang and T.L. Yaksh, 1983, Selective antagonism 
of the antinociceptive effect of intrathecally applied alpha adren- 

ergic agonists by intrathecal prazosin and intrathecal yohimbine, 
J. Pharmacol. Exp. Ther. 224, 552. 

Kim, S.H. and J.M. Chung, 1991, Sympathectomy alleviates mechani- 
cal allodynia in an experimental animal model for neuropathy in 
the rat, Neurosci. Lett. 134, 131. 

Kinnman, E. and J.D. Levine, 1994, Involvement of the sympathetic 
postganglionic neuron in capsaicin-induced secondary hyperalge- 
sia in the rat, Neuroscience (in press). 

Langer, S.Z., 1974, Presynaptic regulation of catecholamine release, 
Biochem. Pharmacol. 23, 1973. 

Levine, J.D., Y.O. Taiwo, S.D. Collins and J.K. Tam, 1986, Nora- 
drenaline hyperalgesia is mediated through interaction with sym- 
pathetic postganglionic neurone terminals rather than activation 
of primary afferent nociceptors, Nature 323, 158. 

Neil, A., N. Attal and G. Guilbaud, 1991, Effects of guanethidine on 
sensitization to natural stimuli and self-mutilating behaviour in 
rats with a peripheral neuropathy, Brain Res. 565, 237. 

Pitchford, S. and J.D. Levine, 1991, Prostaglandins sensitize nocicep- 
tots in cell culture, Neurosci. Lett. 132, 105. 

Raja, S.N., R.D. Treede, K.D. Davis, and J.N. Campbell, 1991, 
Systemic alpha-adrenergic blockade with phentolamine: a diag- 
nostic test for sympathetically maintained pain, Anesthesiol. 74, 
691. 

Sato, J. and E.R. Perl, 1991, Adrenergic excitation of cutaneous pain 
receptors induced by peripheral nerve injury, Science 251, 1608. 

Shir, Y. and Z. Seltzer, 1991, Effects of sympathectomy in a model of 
causalgiform pain produced by partial sciatic nerve injury in rats, 
Pain 45, 309. 

Taiwo, Y.O., T.J. Coderre and J.D. Levine, 1989, The contribution 
of training to sensitivity in the nociceptive paw-withdrawal test, 
Brain Res. 487, 148. 

Taiwo, Y.O., P.H. Heller and J.D. Levine, 1990, Characterization of 
distinct phospholipases mediating bradykinin and noradrenaline 
hyperalgesia, Neuroscience 39, 523. 

Treede, R.D., K.D. Davis, J.N. Campbell and S.N. Raja, 1992, The 
plasticity of cutaneous hyperalgesia during sympathetic ganglion 
blockade in patients with neuropathic pain, Brain 115, 607. 

Wahren, L.K., E. Torebjork and B. Nystrom, 1991, Quantitative 
sensory testing before and after regional guanethidine block in 
patients with neuralgia in the hand, Pain 46, 23. 

Weiner, N., 1985, Drugs that inhibit adrenergic nerves and block 
adrenergic receptors, in: The Pharmacological Basis of Therapeu- 
tics, eds. A.G. Goodman, L.S. Goodman, T.W. Rail and F. 
Murard, 7th edn. p. 181. 

Xie, Y.K. and W.H. Xiao, 1990, Electrophysiological evidence for 
hyperalgesia in the peripheral neuropathy, Sci. China [b] 33, 663. 

Yaksh, T.L. and T.A. Rudy, 1976, Chronic catheterization of the 
spinal subarachnoid space, Physiol. Behav. 17, 1031. 


